Understanding the evolutionary establishment of plastids within eukaryotic cells and the principles that govern the process of endosymbiosis have been integral to research in plant sciences during the past three decades. Determination of the primary DNA sequence of the plastome from many plants and algae represented a milestone in this field, making it possible to deduce evolutionary lineages via bioinformatic approaches. These have greatly improved our understanding of endosymbiosis, the evolution of plastids and the reshaping of the eukaryotic host genome following massive horizontal gene transfer from the ancient cyanobacterial progenitor toward the host nucleus. Astonishingly, much less is known about the current structure and organization of plastid DNA and its association with different kinds of proteins that are involved in its stabilization, replication and expression.

As in bacteria, the DNA in plant and algal plastids appears to be organized in nucleoids that can be easily visualized by fluorescence microscopy using DNA-specific dyes. This approach identifies nucleoids as dots of distinctive shape that are located close to the thylakoid or envelope membrane depending on the developmental stage of the plastid. However, at the molecular level nucleoids represent a less well defined structure as they have been found to be a highly dynamic protein/DNA/RNA structure. In particular, its protein subunit composition is highly variable depending on the developmental stage of the plastid and the tissue context in which it resides, as well as on the environmental condition of the organism. In addition, the structure and organization of the DNA itself is still under debate. A definition of what precisely is a nucleoid in terms of protein subunit composition and structure, therefore, appears to be difficult on the basis of current knowledge. This research topic gives a snapshot of the current state-of-the-art on nucleoids focussing on their structure and composition. It zooms through the different levels of proteins involved in processes that are prerequisite for proper nucleoid structure and faithful gene expression.

The primary topic of the articles in this research topic is the various proteins found in nucleoids or likely associated with them based on their functional contribution to gene expression. Current knowledge and open questions about the organization of nucleoids are summarized in an initial review by Powikrowska et al. ([@B8]). This article discusses the various appearances of nucleoids in different microscopy techniques, focussing heavily on the structural organization of DNA and the proteins that mediate it. It summarizes the characteristics of known plastid nucleoid associated proteins (ptNAPs) proposed to be involved in shaping and organization of nucleoids in plants. It also compares nucleoid morphology and organization in bacteria with that found in plants and extensively discusses the dynamics of nucleoid re-organization during the different phases of chloroplast development. This review is complemented by a research article that analyses the role of the protein Whirly1 in barley (Krupinska et al., [@B4]). Down-regulation of Whirly1 via RNAi results in the occurrence of larger and more irregularly formed patches of DNA than are normally found in nucleoids. The data suggest an important role for Whirly1 in compacting nucleoid DNA and thereby affecting DNA replication.

These two articles set the scene for a detailed review about the enzymes involved in organellar replication contributed by Moriyama and Sato ([@B7]), who describe the history of studies on organellar DNA polymerases and their enzymatic characteristics, including sensitivity to inhibitors or exonuclease activity. The article furthermore highlights other enzymes involved in replication such as helicases, DNA primase and topoisomerase as well as single-stranded DNA binding proteins. The review also covers the evolution of all these enzymes and their phylogenetic origins and relationships, and ends with an interesting model for the exchange of organellar replication enzymes during the evolution of photosynthetic eukaryotes.

The first level of gene expression is the transcription of the genetic information encoded by DNA. In chloroplasts, RNA is synthesized by two different types of RNA polymerases, the plastid-encoded RNA polymerase (PEP) and nuclear-encoded RNA polymerase (NEP). The PEP enzyme constitutes a genetically chimeric multi-protein complex with plastid-encoded core subunits structurally related to the bacterial *E. coli* RNA polymerase. One new feature of the PEP in higher plants, however, is its assembly with numerous nucleus-encoded eukaryotic components (PEP-associated proteins), which are reviewed in two articles (Yu et al., [@B11]; Yagi and Shiina, [@B10]). During the past decade, several approaches have established an im-portant role for such PEP-associated proteins (PAPs) in a variety of biological processes. These include transcriptional regulation, DNA/RNA metabolism, posttranslational modification and detoxification. More recently, it has been proposed that these proteins serve also as building blocks in the PEP assembly, but how exactly these proteins contribute to transcription and gene regulation awaits further investigation.

One important characteristic of plastid gene expression is the observation that PEP activity changes both in a developmentally regulated fashion and in response to environmental variables. Key proteins that mediate these changes in transcription are the different members of the sigma family (e.g., six in *Arabidopsis*) which initiate transcription in a complementary and flexible manner. Their concerted action allow greater flexibility in developmental- and tissue-specific cellular responses (Bock et al., [@B1]). Other proteins that appear to influence developmental changes of plastid transcription are PRIN2 in *Arabidopsis* (Kremnev and Strand, [@B3]) or NUS1 in rice (Kusumi and Iba, [@B5]). PRIN2 was found to generate complexes with another protein called CSP41b (see also below). This complex appears to possess DNA binding activity *in vitro*, suggesting a regulatory role in plastid gene expression (Kremnev and Strand, [@B3]). NUS1 appears to be a regulator of plastid 16S rRNA expression that is responsible for the establishment of the plastid gene expression machinery in early stages of chloroplast development of rice exposed to low-temperature conditions. It works in conjunction with regulators of organellar and cytosolic nucleotide metabolism, indicating that nucleotide metabolism is essential for chloroplast development (Kusumi and Iba, [@B5]).

Post-transcriptional regulation is a further important level of control in plastids, and is high-lighted by two opinion articles in this issue (Bohne, [@B2]; Leister, [@B6]). The first discusses the roles of rRNA processing and maturation in nucleoids (Bohne, [@B2]). Based on experimental observations in bacteria, plastids and mitochondria, a new model was developed in which, in organelles, rRNA processing and ribosome assembly most likely take place in nucleoids (Bohne, [@B2]). The second article focusses on the roles of the CSP41 proteins (e.g., CSP41a and CSP41b) (Leister, [@B6]). These are multifunctional proteins of high abundance which have been found in several stromal protein complexes in different contexts, including RNA cleavage, RNA stabilization, transcription and carbon metabolism. Considering the abundance, CSP41 may have a key role in RNA stabilization.

The issue closes with a research article which describes an effective biochemical purification strategy that helps to isolate many of the aforementioned proteins from chloroplast nucleoids (Schröter et al., [@B9]). This strategy might be helpful in future in order to study native properties of nucleoid proteins isolated from plants in different developmental or environmental conditions. In summary, this research topic covers the full breadth of structural and functional implications of plastid nucleoids as currently known. It provides a comprehensive overview to the interested newcomer to the field and demonstrates open questions and topics which promise fundamental new discoveries in the years to come.
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